We evaluate the economic significance of linguistic barriers to communication in 226 US cities from 1980 to 2010. We address the question: to what extent do linguistic barriers across social groups inhibit the benefits of knowledge exchange? The empirical results show that linguistic, racial and composite diversity increase the average income of working age population in American cities. This positive effect of diversity, however, diminishes the higher is the proportion of foreign-born population who lack English fluency. We call this the 'paradox of diversity'. Overall, our findings provide important policy insights about how social diversity may enhance economic performance within cities.
Introduction
In a seminal paper, Lucas (1988) emphasized the role of cities as engines of economic growth and built on earlier insights of Marshall and others. Lucas acknowledged his debt to Jacobs (1970) who had earlier observed that city regions generate their own growth by facilitating trade and innovation across diverse agents. Jacobs (1984) , in particular, observed '… cities are unique in their abilities to shape and reshape the economics of other settlements, including those far removed from them geographically. ' In this article, we empirically investigate the role of diversity and the economic performance of cities and then respond to the possible policy implications. Our data is for a single country, the United States. Nevertheless, our analysis offers insights to city regions such as Sydney and Melbourne in Australia; Manchester and London in the United Kingdom; and other nations whether there is a plethora of social and economic diversities. Our analysis focuses on the economic effect of social diversity as measured by the effect of diversity on the average income of the working age population. In particular, we test whether linguistic barriers to communication (LBC) have a statistically significant impact on the economic performance of American cities.
Large American cities like New York, Los Angeles or Miami are highly diverse in terms of demographic characteristics, skill compositions and the abilities of their inhabitants. We argue that social diversities within such cities are economically productive, but paradoxically, they also have the potential to retard the process of knowledge exchanges across different social groups due to barriers in communication. Here, we define the percentage of foreign-born population who are not fluent in English as a barrier to communication and test the hypothesis that it reduces the positive economic outcome of social diversity. Our findings are of interest to researchers and policy-makers because these effects of diversity are not fully recognized either in the literature, or in practice, in terms of public policy.
We use a panel dataset for US cities and find that linguistic diversity enhances average income, but barriers to communication offset the positive effects of linguistic diversity. If this were to be the case, this would be a paradox of diversity such that although diversity supports improved economic performance in cities, greater diversity in terms of lack of fluency in English diminishes these benefits. In other words, if social diversity contributes to the economic performance of cities this may be conditional on the ability of people to exchange ideas and knowledge with a common language. A possible explanation for such a finding could be that tacit knowledge (Polanyi 1967) , and the transmission of 'know-how', depends substantially on face-to-face communication and where a common language is critically important. Thus, where people are unable to communicate in a mutually comprehensible language, much of the benefits from the exchange of different ideas and experiences are likely to be moderated.
In Section 2, we briefly review key parts of the relevant literature. Section 3 describes the data and variables and outlines the econometric model we employ. Section 4 analyses the ordinary least squares (OLS) results and the findings from our instrumental variables estimation (IVE), while in Section 5, we offer concluding remarks.
Economics of Social Diversity: A Review
In this section, we provide a link between two strands of literature on the economic impacts of diversity. First, we draw from cross-country studies (and in some cases, studies across other geographical areas) that identify fractionalization indexes as causal factors for differences in economic performance. Second, we review studies that link social diversity to economic outcomes in regional and/or urban areas within a country.
Diversity and Economic Performance
One of the first studies to identify the negative economic impacts of ethno-lingual fractionalization was research by Easterly and Levine (1997) . They argued that a higher level of ethno-lingual fractionalization, which is a measure of social diversity, leads to conflicts of preferences, and also sub-optimal decisionmaking. As a consequence, this results in a lower level of economic growth. Easterly and Levine further find that 'a movement from complete heterogeneity to complete homogeneity is associated with a productivity increase of 2.5 times and an increase in capital per worker of 9.2 times'. Subsequently, Alesina et al. (2003) developed an alternative set of fractionalization measures that provided support for the earlier findings of Easterly and Levine, namely, that a higher level of social fragmentation reduces long-term economic growth.
Based on the similar rationalization of conflicting preferences over resource allocation, Alesina et al. (1999) showed that US metropolitan areas and counties with higher social fragmentation allocate less on 'productive public goods' such as education or infrastructure. This finding is of particular interest to us because Collier (2000) argued that the optimal allocation of resources is intricately linked with the political environment of a country. This, in turn, determines whether social diversity has a positive or negative impact on aggregate economic indicators. Consequently, according to Collier (2000) , social diversity is detrimental for economic growth in societies that lack political rights such as in dictatorships. Alesina and La Ferrara (2005) evaluated the effect of social diversity on economic growth across countries, and examined the economic outcome of diversity. Given the positive and statistically significant coefficient of the interaction variable between fractionalization and income per capita, they concluded that the productivity enhancing effect of diversity might only be realized at higher stages of economic growth. Grafton et al. (2004) and Grafton et al. (2007) outlined two contrasting economic impacts of diversity by focusing on social barriers to communication. They argued that the positive effect of diversity is reduced due to a lack of inter-group communication and that such interaction is essential for knowledge spill over and productivity growth. Their empirical estimations for 110 countries provided cross-country evidence that higher linguistic fractionalization reduced Total Factor Productivity (TFP) growth.
Unlike the work of Alesina and La Ferrara (2005) , Grafton et al. (2004 Grafton et al. ( , 2007 , and others, which were based on cross-country comparisons, we evaluate the economic impact of social diversities and the consequent barriers to communication across cities or metropolitan areas in the United States, proxied by percentage of population who are not fluent in English. Given that city-level US data allows us to control for a range of institutional factors that would, typically, differ across countries we contend that our analyses provide a better test for the effect of social diversity on economic performance. The closest analysis to our work here is Ratna et al. (2012) that used state/province level data, but not at a city level, from the United States and Canada to evaluate the effects of diversity on state per capita gross domestic product. In their study, they found that the economic payoff from diversity diminishes as the level of fluency in the official language diminishes.
Diversity, Human Capital and Regional Growth
Unlike the mixed economic consequences of diversity at an aggregate or national level, the link between urban agglomeration and diversity is frequently viewed as overwhelmingly positive. Beginning with Alfred Marshall (1920) the economics literature has stressed that labour market externalities generated by localization and cities are a result of skill concentrations and employment diversity. Subsequent literature on economic geography has focused on human capital externalities in urban growth centres created via complementarity in skills, knowledge sets and abilities (Glaeser et al. 1992 , Jacobs (1970 ) cited in Fu 2007 .
In the urban economics literature, cities are considered diverse in terms of types of capital and demographic characteristics, irrespective of the stages of economic development of a country. Consequently, cities relative to towns, villages or rural areas provide greater opportunity for knowledge spillover and innovation that, in turn, can promote economic growth. Florida (2002) further extended the notion of knowledge spillovers by incorporating the role of creative capital. In this work, the 'creative class' is a combination of two groups of people, that is, 'professionals' such as doctors or academics, and 'bohemians' such as artists or musicians. Introducing a measurement termed the Bohemian index, this empirical analysis provided evidence that a high concentration of 'Bohemians' provide a positive synergy to the concentration of a high level of human capital and high technology industries. Niebuhr (2010) evaluated the impact of cultural diversity on innovation for different regions in Germany. In her analysis, she used employment data instead of population data to measure three diversity indices: Herfindahl, Theil and Krugman index. Based on an extensive set of robustness checks, Neibuhr concluded that the productivity effect of cultural diversity outweighs the negative effect of transaction costs. She also showed that the number of patents per capita is higher for regions where R & D workers are more diverse. Cheng and Li (2012) tested whether an increase in social diversity leads to additional newly created business using US county level data for 10 sectors with a Theil index for cultural and racial diversity. Their estimated coefficients were statistically significant for broad service sectors such as professional and business services, education and health care, and leisure and hospitality. While the estimated coefficients to evaluate the indirect effects of social diversities to neighbouring counties are statistically significant for only manufacturing sector, 1 their study established the significance of the spatial dimensions of knowledge spillovers.
The closest analysis to our own in terms of the data employed is the work of Peri (2005, 2006) . They employed a panel dataset for the period 1970 to 1990 and concluded that US-born or native workers are more productive in cities that are more diverse. They defined cultural diversity as a linguistic fractionalization index and estimated its impact on wages and employment density (Ottaviano & Peri 2005) and rents (Ottaviano & Peri 2006) of US-born workers. Similar findings have also been reported by Manacorda et al. (2006) and DˈAmuri et al. (2010) for Britain and Germany, respectively. Bellini et al. (2009) also adopted the same theoretical framework as Ottaviano and Peri (2006) , and obtained a similar result using data from 12 countries 2 in the EU region. Notwithstanding this rich body of work, as far as we are aware, there has been no test for the paradox of diversity or the possibility that where people are unable to communicate in a mutually comprehensible language, the economic benefits from social exchange diminish.
Rationale for Our Investigation
The existing literature suggests that social diversity can be either positive or negative in terms of economic outcomes. Although studies have used different theoretical approaches, the cross-country empirical studies largely report negative economic consequences of social diversity while urban or city-focused studies within the United States (or a specific country or region) largely report positive economic outcomes. In this article we ask, what ways can social diversity contribute to economic performance at the city level? And, how might this be conditioned by low barriers to communication to support the exchange of tacit knowledge across diverse social groups?
To our knowledge, Ratna et al. (2012) is the only study that has attempted to analyze the paradox of diversity, but they used state-level for the United States and province-level data for Canada. We contend that in very diverse societies, such as Canada and the United States, the wide variation in measures of diversity across cities of the same state/province can fail to evaluate the economic impact of diversity because of the use of aggregate data. Further, cross-country results and comparisons (United States and Canada) where immigration policies and support for migrants differ markedly are difficult to interpret in terms of whether or not the potential economic benefits of social diversity are moderated by LBC.
Following Jacobs (1984), we employ cities or metropolitan areas as the unit of economic analysis. We make three contributions. First, we capture the linguistic barrier for inter-group communication at a city level and hypothesize and then test that, in the absence of a common language, multicultural or highly socially diverse cities are constrained by reduced social interactions among workers with different linguistic backgrounds. As a result, the knowledge exchange, especially of tacit knowledge, is less likely to happen or to occur less effectively, contributing to lower level of average wage for cities with higher linguistically isolated population. Our empirical analysis uses the average wage of working age population as an indicator of economic performance at the unit of analysis. We define the variable (LBC) as the percentage of foreign-born population who lack proficiency in English.
Our second contribution is that in testing for a paradox of diversity, we use the most recent and comprehensive datasets available. In particular, we include more cities than any other study using the US data at a city level for testing city-level effects on economic performance.
Third, we employ a new diversity measure, a Composite Diversity Index (CDI), to aggregate the effects of diversity in different aspects including language, birth country and race to a common index. To date, the literature has 1. The cultural diversity is statistically significant for the wholesale and retail sector, and racial diversity is statistically significant for fire and leisure and hospitality sector. 2. The countries included in the analysis are: Austria, Belgium, Denmark, France, former West Germany, Ireland, Italy, The Netherlands, Portugal, Spain, Sweden and the United Kingdom.
typically focused on one aspect among the many dimensions of diversity such as culture, ethnicity, race, country of birth, language or religion.
We use CDI, in addition to three singlemeasures of diversity, to test for the paradox of diversity. Although multiple single dimensional indexes can capture the complexity of multicultural societies, as we have performed in this study, a composite index can provide a useful comparison.
Data and Estimated Model
Ottaviano and Peri (2005) analyzed the impact of cultural diversity on labour productivity and aggregate employment levels of US-born workers for 160 Metropolitan Statistical Areas (MSAs), and included the most ethnically diverse cities in the United States. We add to this work by: (i) including the barrier to communication variable, LBC, to test for the paradox of diversity; (ii) utilizing an innovative set of instrumental variables to account for possible endogeneity in diversity fractionalizations; (iii) encompassing many more cities and by updating the data to include the 2010 census; and (iv) analyzing the impact of a composite measure of diversity, CDI.
Our estimated model is provided by equation (1):
The explanatory variables include χ c that represents city fixed effects (FE), c c;t is a vector of control variables such as educational attainment, experience and a set of demographic controls. The term d c;t is a vector for diversity indexes including the variable LBC. Table A4 in the appendix), identified in all four census years including 1980, 1990, 2000 and 2010 . The dependent variable in (1) is the average wage of the working age population (age 16-64), and is treated as a proxy for economic performance. It is calculated as the total of individual 'pre-tax wage and salary income, money received as an employee for the previous years', coined as INCWAGE in IPUMS-USA dataset. This wage measure includes other sources of income, that is sources of 'salaries commissions, cash bonuses, tips, and other money income'. Although IPUMS-USA also reports data on other income variables, we limit our analysis to INCWAGE because of the availability of the data for this variable. Social diversity is multi-faceted and is difficult to define because of the challenges in identifying individuals on the basis of race, religion, language or ethnicity. Despite the dominant racial divides in the United States and consequent economic outcomes, White Americans and African Americans are likely to belong to the same mother language group, and the same region of birth. Given the definition of Bureau of Census, the race categorized as 'Asian' includes people from China as well as Pakistan, most of whom are likely to be very different in most criteria for social groupings, except region of birth. Given that, we wish to evaluate the economic impact of social diversity on knowledge diffusion through inter-group communication, we opt for multiple indexes. Thus, we adopt three proxies for social diversity: Race, Language and Culture.
To model the effect of social diversity on economic performance of cities, we use fractionalization indexes that are commonly applied in the social diversity and growth literature, as defined by:
In equation (2), f ji is defined as the share of group j (j = 1, 2, … , n) in city i, and the sum of its squared terms is a Herfindahl index or a concentration index. Fractionalization index signifies the likelihood that two people chosen at random from a diverse universe will belong to different groups defined by races, languages and cultures. The minimum value for the fractionalization index (0.00) indicates complete homogeneity, and its maximum value (1.00) represents complete heterogeneity; that is, every individual belongs to a different group (Ottaviano & Peri 2005) .
Measuring fractionalization index based on race has two challenges. First, different categories of races are defined across the years. For instance, the 2,000 census employed an additional category, Native Hawaiian and Pacific Islanders (NHPI), and allowed respondents to choose from more than one category. 4 Second, there is controversy over identification of the Hispanic population. For instance, the US Bureau of Census and the US National Research Council both consider Hispanics as a separate ethnic group, but Hispanics typically identify themselves as a separate race. To address these problems, instead of a single category race variable, we use a separate variable from IPUMS-USA, termed as RACEING, in which Hispanics are defined as a separate category of race. Further, given the small number of respondents under NHPI in 2,000, we followed the categorization of 1990 and 1980 and counted the number of respondents identifying as Non-Hispanic Asian, NHPI together. Consequently, we are able to calculate a fractionalization index with six categories of 'race': (i) non-Hispanic white; (ii) non-Hispanic Black; (iii) non-Hispanic Asian, NHPI; (iv) non-Hispanic American Indian/Alaskan Native; (v) Hispanic; and (vi) other races.
Language, a linguistic fractionalization measure, is derived from Census data on language spoken at home. Respondents were asked if the person 'speaks a language other than English at home' and the data compiled for the population 5 years and over into four major categories: (i) Spanish; (ii) other Indo-European languages; (iii) Asian and Pacific Island languages; and (iv) all other languages. In congruence with Ottaviano and Peri (2005) , we argue that languages with common linguistic roots are a good indicator of cultural proximity and define linguistic diversity based on 28 language groups in this article. For example, despite both being part of Continental Europe, substantial differences exist between Spain and, say, the Czech Republic. By contrast, Spanish and Italian cultures and languages are much more similar. Hence, we hypothesize that the cost of communication will be higher between a Spanish national and someone from the Czech Republic, than if the same information were to be exchanged between a Spanish national and an Italian, all else equal. The linguistic groups are detailed in Appendix 1.
The proxy for cultural diversity, that is, Culture, is a fractionalization index based on region-of-birth. Culture is a multi-layered concept and difficult to capture with one fractionalization index. Nevertheless, Ottaviano and Peri (2005) define linguistic fractionalization as a measure for cultural diversity. We recognize that language is one of the core ingredients of culture, but it is also shaped by the customs, social norms, colonial history, religious practices, geography and the social and political history of the countries and its people. Thus, while Language captures a major aspect of cultural proximity, we define Culture based on seven groups defined by region of birth: Europe, Asia, Africa, Latin America, North America (United States and Canada), Mexico and Oceania. Although our rationale should dictate North America as a single group, we separate Mexico given the differences in language, colonial history, race among others with United States and Canada.
5
The key variable in our analysis we use to test for the paradox of diversity is the interaction variable between each of the diversity 5. The correlation coefficient between this cultural diversity and cultural diversity with Mexico as a separate group, which is used in this paper is 0.746.
indices with the measure of LBC. It measures English fluency for people who do not speak English at home. This is derived from a selfassessed ability categorized into four groups: 'Very well', 'Well', 'Not well', and 'Not at all'. We define linguistic barriers to communication, that is, LBC as the percentage of foreign-born population or non-native speakers who do not speak English very well or well.
To evaluate the impact of social diversity on the average wage of 16-to 64-year-old workers, we control for their educational attainment, average age (and its square), share of female, share of Hispanics and share of African Americans. These controls are similar to those employed by Ottaviano and Peri (2005) . Differences in educational attainment have been identified as a key determinant of variation in differences in economic indicators across different geographic units in the United States (Ratna et al. 2012 ). Here, we use a proxy for educational attainment, defined as Education, that is, the percentage of the working population with a bachelor degree or higher tertiary qualification. Average age (Age), is used as a proxy for experience of working age population. Lastly, we include three time dummies for 1990, 2000 and 2010 for three of the four census years from which we have data to capture possible time effects that remain constant across cities. Table A2 of the appendix provides the summary statistics for all variables in equation (1).
Given that different cities have historically different factors which will influence variables such as wages-age distribution, gender distribution, education levels, law enforcements, among others, we use a FE model for our estimation. However, two statistical tests were conducted to check the appropriateness of FE model. First, we undertook a Breusch Pagan (BP) Test to verify if Pooled OLS is appropriate for our estimation. The BP test generates a chi-square statistics of 492.13 with a p-value of 0.000. As the BP test rejects the null hypothesis, we do not use the Pooled OLS. Second, we conducted a Hausman Test to verify if there is a statistically significant difference in estimated coefficients from fixed effect and from random effect estimations. The Hausman Test Statistic is 112.23 (with a p-value of 0.000), rejects the null hypothesis that the random effects model is valid and, hence, supports our use of fixed effect estimation.
Estimation Results
Our empirical estimates comprise two parts. First, we derive OLS estimates of the FE model, as specified in equation (1), with different indexes for social diversities. Second, we test the robustness of OLS results with results from Instrumental Variable Estimation (IVE).
Diversity and Wages: Fixed Effects Model
Results of OLS estimation of equation (1), with standard errors, are presented in Regression 1 of Table 1 . The estimated coefficients for Culture and Language are positive, but are not statistically significant at conventional levels with a p-value of 0.122 and 0.139, respectively. The estimated coefficient for racial diversity is negative and has a p-value of 0.954. None of the interaction variables is statistically significant at the conventional level.
Regression 1, Table 1 reports that the estimated coefficient for Education has the hypothesized positive sign and is statistically significant at the 1 per cent level of significance. The estimated coefficients for both variables related to experience, that is, Age and AgeSq, have their expected signs, positive and negative, respectively, and are also significant at the 1 per cent level of significance. Among the demographic control variables, the estimated coefficients for the share of Hispanics and share of African American are negative and statistically significant at the 1 per cent level of significance. The modelˈs time dummies are all statistically significant at the 1 per cent level of significance.
To test the robustness of the effect of race on the average wage of the working age population in US cities, we estimated equation (1) with the variable Race1 which is defined as a fractionalization index calculated from five groups, defined by the US Bureau of Census as: (i) White; (ii) Black; (iii) American Indian/Alaskan Native; (iv) Asian and Pacific Islander; and (v) other races. Regression 2, Table 1 reports that coefficients for Language (with a p-value of 0.100) and Culture (with a p-value of 0.193) are positive. The estimated coefficient for Race1 is positive, but statistically insignificant at the standard levels of significance. The estimated coefficients for interaction variable, other control variables and time dummies are similar to those in Regression 1 of Table 1. Table A3 of the appendix provides the correlation matrix for all diversity indexes.
Regression 3 of Table 1 reports that the estimated coefficient for composite index CDI which is measured as the geometric mean of the three diversity indices. Mathematically,
For an arithmetic mean of different diversity indices, an increase in one index can be compensated by a decrease in another index. This is not the case with a geometric mean which is used by statistical agencies when calculating a consumer price index. The geometric mean overcomes input substation bias when applied as an index, such as the Fisher Index, which is the geometric mean of the Laspeyres and Paasche indexes.
Regression 3, Table 1 reports that the estimated coefficient for CDI is positive and is statistically significant at 1 percent level of significance. The interaction variable between CDI and LBC is negative and has a p-value of 0.186. Thus, our results indicate that average wages are higher the more socially diverse are US cities. This is consistent with much of the findings in the literature on the economic benefits of diversity within cities. Although the interaction variable is not statistically significant at the conventional level, the evidence is supportive of the hypothesis that the economic benefits of social diversity may be diminished in US cities overall the greater are the LBC.
In terms of the control variables, Regressions 3 results shows that Education and experience variables (Age and AgeSq) have the hypothesized signs and are statistically significant at normal levels of statistical significance. Demographic controls that include the share of the female population, share of African Americans and the share that are Hispanic, have the hypothesized negative sign for their estimated coefficients. Only the share of female population is not statistically significant under any specification. The time dummies are statistically significant at the 1 per cent level of statistical significance under all specifications. 
Endogeneity and Instrumental Variables Estimation
We observe that more prosperous American metropolitan cities like New York, Chicago or Houston are likely to comprise a higher share of its population that is foreign-born than cities such as Omaha, Des Moines or Salt Lake City. Part of the explanation for a higher foreign-born population share in cities located in coastal states such as California, New York or Florida is geographic location, that is, proximity to foreign boundaries and port of entrance for international migration. It is also possible that foreign-born workers are attracted to more productive states, and thereby to cities like New York City, Los Angeles or San Francisco primarily because of better economic opportunities. This is not only true for America, but for most of the major cities in settler countries like Canada, Australia, New Zealand and United Kingdom. If this premise is correct, it violates the assumption of exogeneity of fractionalization measures underlying the OLS estimation and requires Instrumental Variable Estimation (IVE) to account for endogeneity. In other words, given this premise, a diverse population contributes to a cityˈs productivity, but more productive cities also attract people from diverse backgrounds.
To test the hypothesis of endogeneity of diversity indices, we conduct two tests. First, we use a reduced form equation for each of these diversity measures: Language, Race and Culture. Each of the predicted residuals θ n (n = 1, 2, 3) in the structural equation (1) is added to obtain:
We estimated equation (4) to test the null hypothesis that the set of predicted residuals has no effect on ln(wage), that is, θ 1 = θ 2 = θ 3 = 0. The F-statistic is 2.91 with a p-value of 0.034. Hence, we reject the null hypothesis and conclude that at least one of the fractionalization indices is endogenous. Second, we undertook the DavidsonMackinnon test for exogeneity of explanatory variables of each of the regressions in Table 1 . The test statistic is 3.085 (with p-value of 0.0268), 2.907 (with p-value of 0.034) and 4.653 (with a p-value of 0.031) for regression 1, regression 2 and regression 3, respectively. Results from the Davidson-Mackinnon test indicate that IVE is the preferred estimation method.
We contend that the treatment of immigrants is likely to be the same or similar for all the cities in a particular state, Further, the diversity of population in a city is likely to be correlated to the diversity of other cities in the same state, but the average wage of a city is not likely to be affected by the social diversity of other cities. Thus, we employ a set of instrumental variables in which the instrumental variable for a diversity fractionalization measure of a city is the average of the fractionalization indexes in the other cities of the same state wherever there are at least two cities in a state. For example, Language_State is the instrumental variable for Language defined as linguistic fractionalization index, where the value of Language_State for a given city is the average of the linguistic fractionalization indexes in the other cities of the same state. These instrumental variables are expected to be correlated with endogenous explanatory variables, but should be uncorrelated with unobserved factors that affect the average wage equation.
Regression 1 of Table 2 , reports the results of IVE when three potential endogenous variables, Language, Race and Culture are included. Both Language and Race retain their estimated positive coefficient and each is statistically significant at the 10 percent and 5 per cent level, respectively. Our results for linguistic diversity support previous findings using state-level data (Ratna et al. 2009 ) and the findings by Ottaviano and Peri (2005) using citylevel data for . The value of the estimated coefficient on Language (Regression 1, Table 2) indicates that more linguistically diverse cities will have higher average income. Our results are economically significant because they suggest that a completely linguistically heterogeneous city, controlling for all other factors, would have an average income that is 77 percent higher than the average income of a completely linguistically homogenous city. Importantly, the estimated coefficient of interaction variable between linguistic diversity and LBC (Regression 1, Table 2 ) has a negative sign and is statistically significant at the 10 per cent level. This implies that the positive economic impact of linguistic diversity is reduced when there are linguistic barriers. To evaluate the total economic effect of linguistic diversity, we evaluate the interaction term at the mean value of LBC, which is 0.174. At the mean value of LBC the economic effect of linguistic diversity is 0.292 [=0. 769-2.734 * 0.174] . 6 This result indicate that the higher is the percentage of foreign-born population with a lower level of English fluency, the positive economic payoff associated with skill sets and knowledge of people from different linguistic backgrounds is diminished.
As a diagnostic check, we performed tests for the validity of the instruments. In the first-stage estimation results reported in Table 2 , each instrument is statistically significant in the reduced form equation of the corresponding diversity fractionalization. We observe that there is a significant correlation between each of the fractionalization measures and its instrument which are 0.593, 0.461 and 0.121 for Race, Language and Culture, respectively. Table 2 provides the results of underidentification test for all specifications. For each regression, the test rejects the null hypothesis that the respective model is not identified and indicates that the set of instruments is relevant to the endogenous explanatory variables.
The Paradox of Diversity
The estimated coefficients for Regression 2, Table 2 , the estimated coefficient for the share of African Americans and the estimated coefficient for the share of Hispanics are both statistically significant and negative.
Regression 3 of Table 2 reports IVE results when we use CDI as a measure for diversity as in Regression 3, Table 1 . The coefficient of this composite index and its interaction variable with LBC have their expected positive and negative signs and are statistically significant, at the 1 percent and 5 percent level, respectively. As for the estimated coefficients in OLS (Regression 3, Table 1 ), and also in IVE (Regression 1 and 2, Table 2 ), all of the estimated coefficients for the control variables, except the share of the population that is female, are statistically significant.
In summary, IVE indicates that the effects of social diversity on average wages of working age population in US cities is statistically significant and positive, whether diversity is defined as a linguistic, racial or composite index. As in OLS estimates in Table 1 , the estimated coefficient for cultural diversity is not statistically significant in IVE. Importantly, our results provide empirical support for a diversity paradox. Namely, the estimated coefficient for the interaction variable between diversity index and linguistic barrier variable LBC is both negative and statistically significant. In other words, the higher is the percentage of foreign-born population without English fluency the smaller is the positive impact of social diversity. Thus, while diversity in US cities is associated with a higher average wage, the economic benefits of such diversity appear to diminish the greater are the LBC, as measured by English fluency.
Policy Implications
Employing both OLS and IV estimation we provide empirical support for the notion that social diversity does, indeed, provide a statistically and economically significant benefit at a 6. Preliminary regressions indicate that for the mean value of percentage of foreign born population who does not speak English 'Very Well', the total economic effect of diversity is À0.281. city level, as measured by average wage of the working age population. Further, and for the first time at city level (to our knowledge), we show that the positive economic benefits of social diversity are moderated by linguistic barriers, as measured by proficiency in English. Our results provide a nuanced perspective about the economics of diversity. In other words, while diversity has positive economic benefits because it allows for mutually beneficial exchanges across people with different knowledge sets and experiences, these exchanges appear to be moderated by LBC. We call this finding a 'paradox of diversity'.
A Paradox of Diversity offers several possible policy insights. First, immigration from diverse countries, currently supported by the Diversity Immigrant Visa Lottery Program, to the United States appears to offer positive economic benefits to the cities where they choose to locate. Second, there may be an economic justification to subsidize English-language education for migrants from non-English speaking backgrounds as is performed in a number of countries. For instance, in 1992 Canada introduced the Language Instruction for Newcomers to Canada (LINC) program for immigrants and refugees. Under this Canadian program, after the initial assessment of newcomersˈ proficiency in English or French, they receive free language training. In an evaluation report (Canada, Citizenship and Immigration 2004) of this program, the evidence indicates that in addition to language skills, Language Instruction for Newcomers to Canada has been successful in terms of gaining knowledge of Canada and Canadian services and integration in a culturally diverse environment.
In Finland, a personalized integration plan is drawn up for individual immigrants and refugees as part of 1999 act of 'The Finnish Integration Policy'. This plan includes Finnish or Swedish language training for the newcomers along with many other integration measures like adult skill training and the provision of services to meet the special needs of immigrant children and special needs groups. Targeted to evaluate the impacts on immigrants from Russia, Turkey, Thailand and China, a 2010 study (Seppelin 2010) reports that language skills in Finnish/Swedish contributed to better integration of all migrant groups, except for Chinese migrants, into Finnish society. Third, physical transportation infrastructure, urban planning and public transport provides help with social cohesion as well as potentially helping overcome the paradox of diversity.
Concluding Remarks
Since at least as far back as Marshall (1920) economists have been concerned with the characteristics of cities and their implications on economic performance. In contrast to empirical and theoretical work at a national level, many of the studies at a city-level stress the economic value of social diversity. Using a comprehensive US city-level data from the United States over four censuses, and to our knowledge for the first time, we test whether social diversity contributes to a higher average wage of US cities and if this positive impact is moderated by LBC.
We contend our results help to bridge what appear to be contradictory findings about what are mainly negative economic effects of social diversity at a national and cross-country level with the positive effects of diversity within cities. At a national level, multiple diversity factors that include geographical, linguistic and cultural distance may offset the positive effects of productivity-enhancing knowledge exchange that allows for much greater use of specialized human capital. While our findings are limited to data from US cities, they provide an important economic justification for public policies in support of improved fluency by migrants in the language of discourse within multicultural cities.
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